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PROCESS FOR BONDING A DURABLlll-l LOW 
SURFACE ENERGY COATING, 

FIELD OF THE INVENTION" 
The present invention is concerned with a method of 

forming a durable low surface energy coating .whichis 
tightly bonded to a metal or oxide surface. By the pro 
cess of the present invention a metal or oxide surface is 
tightly bonded to .a coating containing fluorinated alkyl 
groups. The fluorinated alkyl groups impart to the coat. 
ing durability and in particular low surface energy. _ C 

‘ PRIOR ‘ART 

Fluorinated materials have been known in the past to 
be useful for a wide variety of applications due to their 
chemical inertness and low surface energy. The bond 
ing of these materials to substrates remains a problem of 
considerable magnitude. 

It has been known in the past to form a bond between 
a metal or oxide surface and a silicon containing mate 
rial. Such procedures are shown, for example, in U.S. 
Pat. Nos. 3,445,265 and 3,935,349. Neither of these pa 
tents, however, is in any way concerned with fluori~ 
nated materials and is thus totally devoid of any teach 
ing related to the present invention. 

SUMMARY OF THE INVENTION 

According to the present invention, a durable low 
surface energy coating is bonded to a metal or oxide 
substrate by ?rst contacting the metal or oxide surface 
with an alkali to maximize the hydroxide ion concentra 
tion thereon and then contacting the rigorously dry 
surface with a material containing a fluorinated alkyl 
group linked by an ether linkage to an alkyl silane 
group. The materials useful in the present invention are 
those having the formula 

Rf- 0 —(CH1),.- SiXs 

wherein Rf is a ?uorinated lower alkyl group, n in an 
integer from 2 to l0, and X is a halogen, cyanide or 
alkoxy group. 

In carrying out the process of the present invention, 
the metal or oxide surface is treated with an alkali, for 
example sodium or potassium hydroxide, or preferably 
ammonium hydroxide, which serves to maximize the 
hydroxide ion concentration thereon. lit is then treated 
in a rigorously dry state with a silane compound having 
the formula given above. When X is halogen, hydrogen 
halide is lost. When X is cyanide, hydrogen cyanide is 
lost, and when X is alkoxy, alcohol is lost, and the re 
sulting condensation leads to the formation of a poly 
meric coating on the surface in which only ?uorinated 
alkane groups are exposed. The siloxane is bound by 
multiple chemical bonds to the surface. 

Metals useful in the present invention include, but are 
not limited to aluminum, iron, alloys such as nickel and 
iron, cobalt, chromium, silicon and titanium. The oxides 
include, but are not limited to iron oxide, silicon dioxide 
and glass. 
During the treatment with alkali, it is preferred that 

the pH of the alkali be selected on the basis of the isoe 
lectric point of the surface. Thus, the preferred mini~ 
mum pH’s for typical substrates are 8 for aluminum, 
chromium and iron, 9.5 for copper, 11 for cobmt, 12 for 
ferrous iron, 8 for ferric iron, 3 for silicon and 6.5 for 
titanium. 
As examples of preferred silane compounds having 

the formula given above, the following may be men 

25 

40 

45. 

50 

55 

so. 

65 

2 
tioned: perfluoro-isopropoxy-propyl-trichloro silane; 
bis(perfluoro-isopropoxy-propyl)-dichloro-silane; and 
trifluoro-methoxyethylrtri-isobutoxy silane. 

It must be emphasized that it is absolutely essential to 
the success of the process that the reaction between the 
silane and the prepared surface take place under rigor 
ously dry conditions. When moisture is not excluded 
from the surface, and from the carrier gas, thick layers 
of viscous and sticky material are produced. These 
layers are vventirely ‘unfavorable. The desired product is 
produced when,‘ and only when, the gas and surface are 
rigorously dry. ' " 

The following example is "given solely for purposes of 
illustration and is not to be considered a limitation on 
the invention, many variations of which are possible 
without departing from the spirit or scope thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention is as 
follows: The starting material is perfluoro-isopropoxy 
propyl-trichloro-silane. This material is a liquid with a 
vapor pressure of about 30mm at 80° C. The vapor 
pressure at room temperature is very low. The material 
must be handled without exposure to water. The vapor 
over this liquid at room temperature is transported to a 
coating box by an inert dry carrier gas, for example 
nitrogen or a noble gas. 
The metal or metal oxide surface to be coated is pre 

pared by washing with a mixture of iso propyl alcohol 
and acetone at room temperature, followed by washing 
with distilled water, with ammonium hydroxide at pH 
10, and then with distilled water again. All washings are 
carried out at room temperature and are of approxi 
mately 3 minutes duration. The: surface is then dried 
rigorously by passing very dry nitrogen gas over the 
surface while it is heated to about 80° C. 
The prepared surface is then placed in a deposition 

chamber and heated to about 80° C. This heating is 
conveniently accomplished by means of a heat lamp. 
The silane gas is introduced for 15 minutes using dry 
nitrogen gas as a carrier. The metal or metal oxide sur 
face to be coated is maintained at 80° C. Excess silane 
gas is flushed out with dry nitrogen and the coated 
surface is then cooled in ambient air. 
The resulting coating has a very low surface energy. 

The wetting angle for water is 105'’ i 5'’ compared to 
100" i 5° for polytetrafluoroethylene. The coating is in 
the form of a very thin ?lm less than about 50A. The 
coating is insoluble in Freon. The fact that the coating 
is tightly bonded is also demonstrated by the fact that it 
is not removed by ultra high vacuum. Furthermore, the 
coating angle is not changed by prolonged exposure 
such as several hours contact with liquid water or 32 
hours in air having a relative humidity of 80%. 
When the coating was applied. to a magnetic disk, it 

was not removed by rubbing a ferrite recording head in 
contact with the surface at high speed for 4 hours fol 
lowed by starting and stopping the same head in a test 
designed to test the life performance of a recording disk. 
The surface does not have such a low surface energy 
that it cannot be lubricated. It is, however, extremely 
hydrophobic and this property reduces the tendency of 
water to displace the lubricant. 
What is claimed is: 
11. A process for bonding a durable low surface en 

ergy coating to a metal or oxide surface, said process 
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comprising maximizing the hydroxide ion concentra 
tion on the surface by treating said surface with an 
alkali, rigorously drying said surface, and then contact 
ing the rigorously dry surface with a rigorously 
material having the formula 

Rf- o - (CH2), — six, 

wherein Rf is a ?uorinated lower alkyl group, n in an 
integer from 2 to 10, and X is halogen, cyanide or alk 
oxy group, thereby condensing the fluorinated material 
with the hydroxide ions on said surface. 

2. A process as claimed in claim 1 wherein the alkali 
is ammonium hydroxide. 

3. A process as claimed in claim 1 wherein the ?uori 
nated material is contacted with the metal or oxide 
surface at a temperature of about 80° C. 

dry ' 
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4. A process as claimed in claim 1 wherein the fluori 
nated material is transported as a gas mixed with a dry 
inert gas carrier. 

5. A process as claimed in claim 1 wherein the fluori 
‘nated material is perfluoro-isopropoxy~propyl-tri 
chloro-silane. 

6. A process for bonding a durable, low surface en 
ergy coating to a metal or metal oxide surface, said 
process comprising maximizing the hydroxide ion con 
centration on the surface by treating said surface with 
ammonium hydroxide, rigorously drying said surface 
and then contacting the rigorously dry surface at about 
80° C. with rigorously dry perfluoro-isopropoxy-pro 
pyl-trichloro-silane in the vapor state mixed with dry 
nitrogen gas, thereby condensing the ?uorinated mate 
rial with the hydroxide ions on said surface. 
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